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Abstract 
In this study the Keeler Pulsair non-contact tonometer was compared 
to the Goldmann applanation tonometer. lOP measurements from 80 
subjects(age 20-76) were utilized. Single Goldmann readings and multiple 
Keeler readings were taken. Mean Keeler lOP readings were: 12.79 mm Hg 
with SD 2.6 mm Hg for OD, 12.85 mm Hg with SD 2.3 mm Hg for OS. Mean 
Goldmann lOP's were: 17.09 mm Hg with SD 2.4 mm Hg for OD and 16.69 
mm Hg with SD 2.2 mm Hg for OS. lOP differences between tonometers 
were significant. The mean difference between tonometers increased as 
lOP values increased (6 mm Hg difference at lOP's .=::. 20 mm Hg by 
Goldmann). 
The design of the Keeler Pulsair provides certain advantages over the 
Goldmann method with regard to special patient application and ease of 
operation. 
Our results indicate that there is a need for future comparison studies 
similar to this paper. The reliability of the Pulsair at higher lOP's should 
also be investigated further. 
Key Words: Intraocular Pressure(IOP), Keeler Pulsair Tonometer, Goldmann 
Tonometer, Glaucoma. 
Introduction 
The term "glaucoma" was first used by Hippocrates around 400 B.C. 
to describe a group of ocular abnormalities pertaining to the elderly.9 The 
elevation of intraocular pressure (lOP), as a sign of eye disease was 
mentioned by Banister in 1626.9 Today, the most common causes of 
irreversible, acquired blindness are glaucoma, senile macular 
degeneration, and diabetic retinopathy? The incidence of blindness from 
glaucoma is decreasing due to early detection and treatment? 
Diagnosis of glaucoma is usually determined by tonometry, gonioscopy 
visual field evaluation, tonographic evaluations and provocative testing.6 
Consequently, over the years, various types of instruments have been 
developed to measure lOP. Van Graefe produced the first indentation 
model in 1862, Goldmann created the applanation model in 1955, 
Mackay-Marg's instrument was first available in 1959, and American 
Optical began manufacturing their noncontact tonometer in 1971.6 
The Goldmann applanation method of tonometry is universally considered 
to be the standard to which all other tonometers are compared. 
The purpose of this study was to 1) compare the lOP measurements 
taken by the Keeler Pulsair noncontact tonometer to those taken by the 
Goldmann applanation tonometer 2) determine the variability and 
correlations among the data collected and 3) describe some of the 
advantages and disadvantages of the Keeler noncontact tonometer 
when compared to the Goldmann tonometer. 
I nstru mentation 
The Goldmann applanation tonometer measures the force required 
to establish an area of contact of 3.06 mm. The actual Goldmann prism 
incorporates two prisms which divides the viewed image in two halves, 
permitting a precise judgement of the area of applanation. Variations in 
corneal curvature make no appreciable difference in displaced volume or 
estimate of pressure. Flourescein is usually used to delineate the inner 
edge of the tears immediately adjacent to the applanated surface.2 
The Keeler Pulsair instrument consists of a small air compressor, in 
the form of a console, which is connected to a handpiece by a flexible 
cable. When the handpiece is correctly aligned to the patient's cornea with 
respect to distance as well as vertical and horizontal alignment, the 
image of the corneal reflex will fall on the photodetectors located inside 
the instrument. At this point, the air pulse is triggered automatically, 
applanating the cornea and changing the characteristics of the corneal 
reflex. There is a subflex button located on the handpiece which allows for 
readings to be taken on dry or distorted corneas. A button may also be 
pressed for intraocular pressures over 30 mm Hg., producing a measurable 
range from zero to 55 mm Hg.1 ,5 
Methods 
Subjects: 
Eighty patients ranging in age from 20 to 76 years old were randomly 
selected, from a Master's in Optometry project being compiled at the 
Pacific University Optometry Clinic. Prior to testing, a brief case history, 
visual acuities and ophthalmoscopy were performed. Each individual was 
also examined for any corneal pathology, scarring or other abnormalities 
which may have affected Goldmann tonometry readings. 
Testing Procedures 
After the preliminary testing was completed, one drop of Fluress (.5% 
Benoxinate with 4o/o Fluorescein) was instilled on each eye and one 
Goldmann tonometry reading was obtained per eye. In order to decrease 
the variability of the Goldmann findings, two licensed optometrists,each 
having ten years of experience with Goldmann tonometry, took those 
readings. Once the Goldmann measurements were completed, the patients 
were escorted to a nearby room to have Keeler Pulsair readings taken. A 
total of eight Keeler tonometer readings were performed on each patient; 
four per eye, alternating between eyes, starting with the right eye. 
Readings for the Keeler instrument were obtained in an alternating fashion 
in order to decreases any 'massage effect' which may be created after 
repeated measurements on the same eye. 
-- ·------------------------------------ ·-- ----------·---·---- -----------------------·------ -· ·-
Results 
Data gathered was analyzed by eye, instrument, and trial(4 per eye). 
Mean lOP's for the Keeler readings were 12.79 mm Hg with a SO of 2.6 mm 
Hg for OD, and 12.85 mm Hg with SO of 2.3 mm Hg for OS. Mean lOP's for 
the Goldmann were 17.09 mm Hg with SO of 2.4 mm Hg 00, and 16.69 mm 
Hg with 2.2 mm Hg SO for OS. A one-factor ANOVA (analysis of variance) 
with a 95% level of significance and Scheffe F-test post analysis, showed 
that the Keeler Pulsair readings (4 trials) for each eye compared 
consistently to each other and no significant differences were found, both 
when mean lOP of each eye was compared to the separate trials of either 
eye, and when each trial (1-4) was compared to any other trial for that 
eye. A 2-tailed, paired t-test (95°/o significance level) revealed good 
correlation between 00 and OS Keeler ranges and means. The mean of the 
range (high to low readings) for Keeler 00 measurements was 3.8 mm Hg 
with SO 2.3 mm Hg, and 3.75 mm Hg with SO 1.9 mm Mg for OS. 
The probability of Goldmann and Keeler readings being the same was 
low, however. Paired t-tests (2-tailed) of 00 and OS keeler means vs. 00 
and OS Goldmann means, showed a .0001 probability of the readings being 
the same. The correlation coefficients from the regression curves 
(Figs.1 and 2) were also low (r=.498 for 00 and r=.531 for OS). The ranges 
from highest to lowest mean lOP's were very similar for Keeler and 
Goldmann, but the actual lOP values were quite different (see Table 2). 
The mean difference between the Keeler and Goldmann measurements 
increased with increasing lOP. With lOP's >20 mm Hg the difference was 
approximately 6 mm Hg. A difference of 2-3 mm Hg was found with 
Goldmann lOP's of 12-14 mm Hg (see Table 4). 
-· -------
Discussion 
The Keeler Pulsair tonometer gave very consistent readings throughout 
all trials. Mean lOP for each trial on both eyes remained very constant, as 
did the standard deviation (see Table 1 ). No significant difference between 
eyes was found. 
Mean range data for the Keeler trials was 3.8 mm Hg OD and 3. 75 mm Hg 
OS. The widest range for any one subject was 12 mm Hg and the lowest 
was 1 mm Hg (see Table 3). The wider ranges may be partially due to the 
fact that the Keeler automatically reads lOP anywhere between the peak 
and trough of the ocular pulse.6 Taking the average of 4 readings per eye 
helps compensate for this. 
Measurements from the two tonometers did not correlate well when 
separate OD and OS readings were compared. Total lOP ranges for all 
readings were similar (=1 0 mm Hg), but the individual lOP values were 
quite different (Table 2). Keeler and Goldmann readings were paired and a 
regression curve scatter graph was computed. It was found (from what 
limited lOP range was available) that the mean lOP difference between 
tonometers increased at higher lOP's. Only a few of the subjects had lOP's 
over 20 mm Hg, but by extrapolation, the trend of increasing difference 
still appears present. Similarly, extrapolating to lower lOP's (below 12 
mm Hg Goldmann) one might expect the two instruments to read alike at an 
lOP of approximately 10 mm Hg. A study by Kohl6 on infants birth-S years 
of age, had similar range and variability findings as us, but no comparison 
to Goldmann was made. 
Successive Goldmann readings usually do not vary much.3 Perhaps 
multiple Goldmann readings would have resulted in better correlation 
between the two tonometers, but would not account for the increasing 
difference at higher lOP's. The time interval between Keeler and Goldmann 
trials was kept as consistent as possible, between 2-4 minutes. 
A 4th year optometry student, who had the opportunity to compare 
Goldmann to a Keeler Pulsair while on preceptorship at Bremerton Naval 
Hospital in Washington, reported approximately 20 patients where 
readings between the instruments varied by only 1-3 mm Hg.4 Perhaps 
other Keeler Pulsairs do not deviate from Goldmann as much as the 
instrument used in our study. This tonometer may simply need to be 
re-calibrated. Additional studies comparing different Goldmann and 
Keeler Pulsair tonometers are needed. 
If validity for the Keeler Pulsair tonometer can be established across 
lOP's, then a tonometer would be available which has many advantages 
over Goldmann and other types of tonometry. For example, the ~subflex' 
button on the Keeler allows reading on scarred and irregular corneas. For 
high corneal astigmatism, the Goldmann prism must be adjusted to the 
proper axis. Another advantage of the Keeler is low probability of 
cross-infection, or damage to the cornea because there is no contact with 
the eye itself. This also reduces the risk of spreading the AIDS virus. 
Temporary blurring of vision occasionaly occurs with the Goldmann 
tonometer, but not the Pulsair. There is always a risk of bacterial 
contamination of the anaesthetic and fluorescein needed for Goldmann 
tonometry. Additional disadvantages of these solutions is the possibility 
of allergic reactions, and the staining of soft contact lenses with 
fluorescein, again not a concern with the Keeler. Repeated readings using 
the Goldmann may cause corneal staining. Goldmann measurements may 
also be influenced by the width of the tear meniscus, improper surface 
tension from the anaesthetic, and improper cleaning of the prism.a None 
of these factors are involved with the Keeler Pulsair. 
Because the Keeler is an automated system, no data interpretation is 
required on the part of the examiner; thus ancillary personnel can utilize 
this tonometer with ease. Also, the Pulsair usually requires less time than 
the Goldmann because there are fewer steps in preparing the patient. 
All the advantages of a portable system also pertain to the Keeler. It 
may be used with seated or prone patients and therefore would be ideal for 
use in nursing homes. Since it is an "out of instrument" procedure, it is 
appropriate for infants,s obese patients, and the developmentally delayed. 
Although Goldmann tonometry may be performed in the presence of 
most ocular conditions, there are those which are probably easier with the 
Keeler. These include enophthalmos, nystagmus, blepharospasm, narrow 
fissures, and strabismus. 
Conclusion 
Our results show the Keeler Pulsair tonometer lOP readings to be 
consistent and repeatable, but currently do not compare to results with 
Goldmann tonometry. The mean difference between the Keeler and 
Goldmann measurements increased with increasing lOP's. With lOP's >20 
mm Hg (Goldmann) the differences were clinically significant. However, 
our sample measurements came from a "normal" population and therefore 
there were few lOP's >20 mm Hg. 
The design of the Keeler Pulsair provides many advantages including: 
use on irregular corneas, use on infants and the bed-ridden, low risk of 
ocular infection, and simple operation. 
In order for the Keeler to be accepted as a useful and trustworthy 
instrument for measuring lOP, studies must prove that validity of readings 
are present. Keeler Instruments Inc. should investigate the poor 
correlation of the Pulsair and Goldmann lOP findings, especially in the high 
normal and high lOP ranges. 
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Table 1: Goldmann and Keeler mean lOP's for 
Tonometer Trial 
Q) 
Mean lOP 
Keeler 1 13.24 
2 12.64 
3 12.58 
4 12.61 
Mean of all trials 12.79 
Goldmann 17.09 
Table 2: High-low lOP means (mm Hg) 
Tonometer Eye 
Keeler 
Goldmann 
OD 
7.8-19.0 
13.0-24.0 
Eye 
SD 
3.16 
2.89 
2.92 
3.38 
3.58 
2.39 
OS 
8.0-18.5 
12.0-24.0 
Table 3: Mean range of Keeler lOP's (mm Hg) 
Eye 
OD 
OS 
Mean SD 
3.80 2.25 
3.75 1.92 
Min. Range 
1 
1 
each trial (mm Hg) 
cs 
Mean lOP so 
12.89 2.82 
13.08 2.87 
12.50 2.97 
12.70 3.04 
12.85 2.32 
16.69 2.22 
Max. Range 
12 
10 
Table 4: Mean difference between Goldmann and Keeler lOP's 
(Goldmann minus Keeler), for all eyes (00 plus OS). 
Goldmann lOP Number of eyes Mean lOP difference 
(mm Hg) {n) (Goldmann - Keeler mmHg) 
12 2 1.75 
1 3 10 2.73 
14 1 3 1.89 
15 19 3.75 
16 25 3.43 
17 21 4.08 
18 39 4.35 
19 19 5.64 
20 5 5.64 
21 1 7.00 
22 1 7.20 
23 2 6.60 
24 3 6.50 
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FIG. 2 GOLDMANN VS KEELER FOR OS 
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Simple Regression X1: Column 8 Y1: Column 10 
DF: R: 
1.498 
Source DF: 
. REGRESSION 
RESIDUAL 78 
TOTAL 79· 
R-sguared: 
1.248 
Adj. R-sguared: Std. Error: 
1.239 12.083 
Analysis of Variance Table 
Sum Squares: Mean Square: 
111.821 111.821 
338.567 4.341 
450.388 
No Residual Statistics Computed 
Note: 1 case deleted with missing values. 
F-test: 
25.762 
p = .0001 
Simple Regression X1: Column a Y1: Column 10 
Beta Coefficient Table 
Parameter: Value: Std. Err.: Std. Value: t-Value: Probability: 
INTERCEPT 11.187 
SLOPE .462 .091 .498 5.076 .0001 
Confidence Intervals Table 
Parameter: 95% Lower: 95% Upper: 95% Lower: 95% Upper: 
MEAN (X,Y) 16.624 17.551 16.624 17.551 
SLOPE .28 .643 .28 .643 
1 
7 
2 
7 
Simple Regression X1: Column 16 Y1: Column 18 
DF: R: 
1.531 
Source DF: 
REGRESSION 
RESIDUAL 78 
TOTAL 79 
R-sguared: 
1.282 
Adj. R-sguared: Std. Error: 
1.273 h .893 
Analysis of Variance Table 
Sum Squares: Mean Square: 
109.701 109.701 
279.486 3.583 
389.188 
No Residual Statistics Computed 
Note: 1 case deleted with missing values. 
F-test: 
30.616 
p = .0001 
Simple Regression X1: Column 16 Y1: Column 18 
Beta Coefficient Table 
Parameter: Value: Std. Err.: Std. Value: t-Value: Probability: 
INTERCEPT 10.158 
SLOPE .508 .092 .531 5.533 .0001 
Confidence Intervals Table 
Parameter: 95% Lower: 95% Upper: 95% Lower: 95% Upper: 
MEAN (X,Y) 16.266 17.1 09 16.266 17.109 
SLOPE .325 .691 .325 .691 
1 [7 
2 [7 
